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mmmcrMM] 

[ it^iMi ] mm^tmm^i soo [*/mm] £ll 

[«*H2 ] 7-? A**-mcVl8mX& 1 5 0 0 0 [* 

/mm ] uLL-cft sit Lim$m i tietto 

[11*113 ] TfX+V—W&MS&X&l 0 0 0 0 [* 

/mm ] jjLh-cft £ i t Ltzmim i £ts«o 

GSMIBIMSfr, 
[ft*>f 4 ] ^iIM£0t>/$i ! 7 0 — 9 0 [G 

p a ] -cabs i t &mtt -t&n *« i ^ 3 o<, vr*x 
[ 11*11 5 ] im&mm&mmtowvh ( w a > # 

0. 3 [nm] HTtl)SI t^ft*!]? 1 7 1 ; 

SRa*«10 [nm] MTTfoZ Z b £ mWib "TSIt* 

[ff*il7 ] ^IHHR*i^9^fflKTft6 £ fc * 1#f8 
f -6 11*11 1 6 CO Wtfhj&> 1 3St IBfKOEHMlBiS 

[ If *H 8 ] H '5 xS»l B B r(K' 5 X =3: & 4> COX* 
#1 0-100 [ nm] Tft&£i:*W«f:-r4ilWiJH 

[it*iii o] tsjMb^^xfc-a-i^ftisjBs^ie** 

*^ffitiiV»T3 0— 5 0 0 0 [f/m ! ] T$>&Z 
[If*JIl 1 ] isrsitigsjSA^'c r-&&, N i B, N i 

P„ NiPZ (ZliCr, Mo, Si. Mn. W. N 
b . T / Z r^&jgtmfcVvffUp 1 SI3LLTS> 

*jf i nm. i o <©v Yf*u&> i JitcieK^KMiaii^fro 
[»*jhi 2] wmfflBw>$mim£mmizmni& 
■frfc t <ot& & i t *JB ibiiiw^ 

•fix* 1 1 &££tt<3ffi$t£littftc. 
[ff*Jf 1 3 3 ^OttTiOTtfC r ifctiC r X-££ 

) T*$>&zb zwmt -t&to *il 1 1 2 co\ vf 

[ff*If 1 4 3 fEES'ffiTHMOC r ifcfiC r-£Atf>Sr 
Hfficoffi^ISfrffl^ (200) HTfcS i £#$ti;-r 

fro 

[If*H 1 5 3 m&MWC oCrPt B jR^A*fcttC 



oCrPtBY|M(YiiTa, C u#^S!(3ill>V^ 

1 ajjLtc* So jtssit^i: -rs it* 
jf i t'jm 1 4 <7)v ^-rn.* 1 1 &tzaBXpymsKSEMXt». 

[ff*Jli 6 3 #H»ttT*IWfc«tt«ik^)IHfc^Paitt+ 
BWI**L-CV^4ii:*1MKfc^--6aftRBl^Sl 5co 

[ff*iSl 7 3 ®l4««aMWM*tt£tSS: ( OR = Rjg 
^-[SjtOH c /¥€ESf|SFtf>H 0 5lilhT& & Z 

t %mkb imi6 cr>\->-nxfr i mzim 
[ff*Ji 1 8 3 ite9fflR<?)$m£mmB& 1 7500 

[fl*If 1 9 3 t-^ X^-m^tSBifi 1 5 0 0 0 
[*/mm] £Lhr*4ifc**Sai: L^ff*3ll 8(C 

IB««aMIBIM#:«8^t^ffio 
[|f*^2 0 3 SltmER^^ftt:^ tf0«H*K3g|? 

Hm{c1ffi^-«»XS^#tfi fc t-Sff*if 1 8 

±tzte 1 9 ov^-ffL*- 1 miz$mcowmmmik<7>wm 

[ft*3i2 1 3 ±m>izmm-tz>zt%:<wmmwmzm 
m-th zbizb zmwLb^-hmim. 2 0 cesiaatsi 

lB«i«#:^Sjt^-ffio 

[|«*iB2 2 3 iSSt-SiSSSH^'. 5 x 1 0-4 [P 
a ] tt±OK«^"x £ #tf»HmT* S i & t -r 
Sff*3l2 0 4fcl42 1 tlBttO^MIB»M*«ig^ 

[11*^2 3 3 em!B»^*i;. f«miES«fr^WfS 

X'fo ^ X , ^MIBIS^fr^lf *IH cot^ix* 1 

[00013 

iVfiwee»H4ii*fciJW-* tot* 0 , 

[00023 

[ «*OKffj 3 IKMIB»S^ao 1 fflT'ft ht\-Y r 

^ x ^ j§B(i . 0%mmmfi*m 6 0 %-ci@x t 
izmLfzmmmm^y h^hbi. a$€B£XEfte>n% 

[0 0 0 3 3 ^-K^/^^ga^ii'^fflV^^xSlim 
IBii^ftJi. S^CKlTOffifK^oTV^S. A 1 
AO±tcN i-P^< v^-Ltz£W$>*f7X<7)mM<7)±l / z 
XJtyp-Wmx, CrtKliCrW, CrMo^ri; 
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[0004] msi-Tj x^-mm^K^mmmmuzit 
ittcj; ^mm^m^mcoMm h m^^^tix \ * 

ZcotzMz^ m±, T/l-S-^i^^cN i PZ* 
v^rt^S^( rr;lS»j t4>v^d» ) ^m^tzM. 
MI£lft«#:{iN i PaffiWWWtit^RMTffr^Aa 

i) ( r^^-^/p-f^x-f-v-jpij t^a. ) -rttc 
[0005] — J5u »[4*SL WifcSMf^-xaHEliB 

*f-* Jin:** Lfc £)#f#£> 

mmm^tr. z<nt&>a'7 xim; nt xa %> izm 

So 

[0006] z&titb. ^yxmm^m^rzmmmm 
mzM%mx&*mtt&ffi3ttfmtf>t>tix$5*) . tzt 

t\mm s f-A-2 9 5 6 1 ^^#^9-1 6 7 3 3 

T5-19794 mamxn^^ xi-^mnm^mw 

[0007] 

[wowwftL ± o t-r&mmi wsb¥4-2 9 5 6 1 

^&flW*5BPP9- 1 6 7 3 3 7-f-&fg&iTC^NfeJS 

mmmmnmcoBmzmvM* •yttmzm^&tzsb 

5-1 9794 1 ^«T(i«KJR&^ytv ^TffMt 
j-*MJiZtet*ZZ%:tiim%:t>-?. WiVJMk LX 

lisim t%K> mm^mtk kz-oxtto. w&mmmz 

[0008] *f&BJj^ _hfe*«fc«»-C*S*lJt 
[0009] 

[ini^wsii-f *fc«>«o^R] *^hj!#(±. mmnmk 



mmmmzrn Ltzmmmrnm^miMz^ximm 

1 ) ±Mmm*mk-t&tztb<7>mi<?mmz. mmzm 

mmfil 5 0 0 [*/mm] £liT*l»f^Xf J r-* 

2) ±iaii®&»^-r£^a6com2to^i4, -r?** 

*&>3»«BW*1 5 0 0 0 Dfc/mm] m±.Xfo&C\ 
-v-«t<0»«i(E* I 2 0 0 0 0 [*/mm] J2Lh-Cifci£ 

t Sr^ist Lfc 1 ) izimcowmmmfcx-foh . 

4) ±IHISS^fi¥^t-£^4 f )^ffi4^HJ5{i. ^#JR* 
fWy7W7 0-9 0 [GPa] ti&§It^fi 

afc-ts 1 ) JM3 ) <7)^-m^ 1 ii^ieta^mtasi 

5) ±iais®^»?^i.^*6^5^BH{i. h&mx 

mcommcOfflVbofo*) (Wa)#0. 3 [nmlOTt 
fo&z\k*W$kk~th 1 ) T'j^4 ) toWftifrlTWiZg. 

m^mm^mm.wx'h h . 

« WSBHO ^ y 7 r -35 * 4 BBJR 0 SIS . fjjffigp 
C0#SS«0^^< i: fc— J«f%l$R aj&* 10 [ n m ] 
UiTX'fo hc\k k-fhl) cr)\, 1 

mztmemmmmfoxfoz, . 

7) ±iaii®^»^^-i,^a6om7co^Biii, #i^s» 

SW5XS«t*S i i: MitJ 1 ) JbS6 ) CO 

8) ±smm$:mk-t&fztb(7)m8cDmwte. x^xm 
7 ) iz9mcommmmtkT$>& . 

7 XlZ^&KU&gk%i<r>¥mmti> 10-100 [ n 

m ] xfo hc\k £*hs t -r* 8 ) ^m<?mmmmfa 

X'foh* 

i o ) ummzMm-t&tzibcvmi 003m** ss H B B 
^ 7 x iz-sttiz. mmLemmwmsmtte). ^30 
~5ooo im/jj.mi-^x'fohzkimkk-ths) 

± fzlt 9 ) BfiOitMf Bl«#;-e;fc s . 
1 1 ) ±iS!£ffi£j$&-r&*:£>cof!ll lco^HBti, ffiiflj 
mmmfrC NiB, NiP, NiPZ (ZJ4C 

r N Mo. Si. Mn, W. Nb. Ti, Z r^^Sif 

Z*fohl\k*%fWLk-$-&l )M10) ^v^ti^Ul 

1 2 ) ±mwm*ffim-htz#>cr>w l i 2<rmm±. mn 
mmm<7>mmimmmmmzmm Zittzhcox-fozzk 
*m$Lt-i-& DMii) co^rtifrimizimcom 
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1 3 ) ±3&m*m^hi&wmi 3<r^m^ im 
^mutitz^-fix^ i mxtx'h 4 . ) xfo&zt 

14) ±OW*»»l^4fcftW»14<0lfilHt±, ^BK 
(200) BTC*4ii:*»af:'^* l ) BS1 3 ) <r> 

IKoCrPt Bl^MtttCoC r P tBY^ 
A (YliTa, Cu3&>^,3Wf#t4^^fl*»l«EUi-Cft 
4. ) T*4 1) JbMl 4) WVvfft. 

mcommmumnm < o r = fw^oh c 

ISF^H c ) ifil . 0 5£LtT$>&Z b Zm®Lb~?Z> 1 ) 

Mi6) <D\^Kfrimztm<mmmwkw.~efo 

4„ 

is) ±saKM*itiktttitovm\ scomuz. ft& 

WQtt0>$mizWt&9Ltfi7 5 0 0 [*/mm] JJLhT* 
±fcSrt9HBR, #»ttTJlML MI£7]M^4I® 

1 9 ) jjaiia^flf^-rsjtA^i 9<JD%sj{i. <t9 

X^-r-Sc0H®S* { l 5 0 0 0 [*/mm] iil±T& 
hZb ZtSmt Lfz 1 8 ) KtE^a^teii&tt^S^ 

20) JJEHW*»»ff-Sfc«>^fff2 0«0?KHIi, Sffl 
*#trifc*Wai:-r4 18) *fcI41 9) <3VYr*u&» 

i «tia«o««iafiai^iEft^^*6 . 

-T4 2 o ) izim<omnimMfonmm%mT& 

22) iimm^m^htz^><mi2.<nwm. mm 
•t&mmwsmtiK 5x10-' [ p a ] 

i ) izmm<vmmmMikcr>mmmkTfoh „ 

) mi 7 ) ^-ttifrimzMmnmmm 



[0010] 

i ±fc, Ei4iifiR2 . mmnm 3 . as 

ttJg 4 . £ i fitaflS 5 £ LXtch iiCDTfo 

4. 

[00 11] imm&UbLXl±. -te5S-y? 

[0012] ^'^x^tifg^fb^^^s^jirt^T' 
b lt lafflwv — r 9 -f a^ 7 ^, t/i- 5/7--!** 

JMfc#7^«l£j£7)-i: LTliS i0 2 , L i 2 0##4 

[00 13] t5S7^XSlt Uil iJlfflOiKtT 

[0014] #AMS^^H(±, K&Aft< 7 5 00 

4 . »W*l«(^il»R«3P€lj5FrtifcMS Lfc t COT 
foh. IteWBBfl&Sm*. 1 5 0 0 0 [*/mm] jsjl 
± (i'9if4L<{i2 0000 [afs/mm] 1^±„ ) fiO 

500 [*/mm] JJLhi: LfeWJi, f?Xf^-g<7) 

^«^14 ( Mi.(f S NR(Signal toNois 
e Rat i o) . PW50fiO|*l±ay|. ) fciORIft 

[0015] f^Xf^f-KiSICS LT±KRJl7J 

«S&«0. 0 2 [nm] tJLhl 0[nm)iaT < i DS4L 
<«0. 0 5 [nm] JJJLhl 0(nm]jaTo ) 

wa&vtco zbT°$>&. z commcomm^ma^mz «t 

4. tfzlO [nm] &ii^f^Xf^-«(i. [fflfl 
sW* 4 ^TiefiF^ ^ ^ f - -v — *E0>%— tt WE* 
Sr^-i.4fe^j&^4o 

[0016] 4 ft, *W*li%-Tfc*<oa t TOaEM*f 
tttf0%— tt, a.^ mff^tt»^«iL<, cv 

fit (¥±^fit/S2p«^fl) T2 0%JilT 

<!±i5 § i?> fcff 4 l < j± i o mr . ) -c* 
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[ooi7] x^-memmmt. mtwm&m 

Bti\ AFM (Atomic Force Micro 
scope. Degital Instrumental 

[oois] mmmcom^mmco x o \,z-t& . s c 

an S i zeli3jum, ScanRatelilHz, 
Number of Samp 1 eB2 56. 

gJ[6l(;7n-7'^L, AFMiOS c a nfflft*# 
S, Flatten Order <7)&ifc£ 2 k LT^jf 
tt$m<7>lhb~OX*fo%> P lane Fit AutoM 
St, S c a nB«C*f Lt X#t Y«t CSlLtB 

(•+'C«<^ie36rfc:i&ofc-tfoaSI^[OffiRS 1 mm 3 0 
SS**«>i9fL4«»fc^4 i k i 5 T'l 4 . fz b iPJ 

[0019] x-f-Y—M^Ltzmm.^mmco^ 

0. KnmJJJLtO. 7 [ nm] 1XF ( «£ 0*7 
?£L<{i0. l[nm)£Lh0. 5 [nm]J3lT. Z t>tz 
tt£L<l*0. l[nm)£Lh0. 3 5 [nm]lilTo ) 

fc, -rsrfc*. ± r>mmmmzmLfzimxmm-t&c\ 

[0020] ^JRS^Wy^** 70 — 90 [ G 
Pa] ( ±>5i?iL<t;i7 5— 85 [GPa] . £ t>iz 
*f*L<{i7 5 — 8 0 [GPa] . ) Xfo&^bmt. 

u \ £ 6 1 i o asa-***** o ^ 

ftswis -t*\ t Bfif-7 k wiac bbser* at* 
#?— rfcSte £ k c «t 5f ? ^f+- inx^iS 

4ij:ii«t*4. 90 [GPa] 

v—t,z^£ti&ffiw.0)MMmm^co-&^->~o% 

tfM K ^SOTr^^f + — tfD jDXtt^S < & 0 fcfrS: 
4 . -\> vr*t& 7 0 [GPa] 3&fK\m5S3RSffl&. 



mwizmm txmm Lfzw&izmnzztL&mmm&ti^ 
[0021] j r>7mmz-t,mcD£ a izmittz . s 

^M^flS ( 2 5DL(Pa name trie sftl) ) 

-VV ^ (E) [GPa] =p(3C S 2C P 2-4Cs 
4 ) / (Cp 2 -Cs 2 ) 

Cp [mm/xts] : ffifj&^^g Cs [mm/ju 
s] :®«#3a 
p[g/cm 3 ) : MCcT^g 

[0022] faihlttf^xim^tz^, giikfctfyz. 

«f» ! 10-10 0 [nm] (i:!J#4L<H:l 
0 — 70 [nm] . £ £ L < (i 1 0—50 [n 
m] . ) ■C2b*£>#JB t 4U\. 1 0nm*}ST1±H»^ 

SS^ftiOWaiiSRfflfctJV^ 30-5000 []I 
/jtim»] (J: 9 #4 t<(i;70 — 30 00 [ffl/ju 
m 2 ] T'ftl> 0 3&t3ff*L<(il 00 — 2000 [ffl 
/jum 2 ] -C&4. ) Tft4<J0^»l4^jDXttcO**^ 

[00 23 ] Mrfitt^Y^S. **^)«Se*ffiiifefc 
-tif&Oj: -5 t-TS £ k&VS h . 2 mm ( 

■r) X2mm (33) X5mm (J?$) SOMff^^^-^ 

^'jv^T-fid^jDXLT. fiTEM m^m^mm 

So 

[0024] RJCfr[nJ<^r?xf--r-sRi3* -y i^lx-^ 
4 . ft J KI4«itrP l 3fflj6riftlJ»Kfc«L'r ± 8Jgl]li*i k -f 

[00 2 5] ^fsAK*KO*H<0f-W7 r -3P 1 0 li 
ta2tS^idt, fflffXDSCl 2. MHSP1 3A*J9% 
4 „ Z tl h cr>&ffi<D'Jr%: < k fc — ^r^^H^r-%ffl JRa 
*ll 0 [nm] JST (iO*4K«9. 5[nm]Jil 
To )Tfci<Mi|f4U\ £ix^^#SP^)^< k t 
-^SIISRmax^lOO [nm]jaT(±0# 
*L<ii9 5 [nm] UTF, ) ?*4«iWfiU\ * 
fcl|sASHHKf5«1ifat Ilk MM "9 SP 1 2 k ^Pbj, 
Dnfil 2 k fUffiil 1 3 k olfflfcli ASP 1 4 *** 4 ^\ £ 

tih^mmmt^-ox^h^x vis-t 
com=?zM2izffiMx^~?. zcomrnemMitfio . 1- 
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10 [mm] U*. f^^ff- 

HtisKU •y>'jLjnXtPT«iii'ft3*iT^4ii:* 1 »* t 

[0 0 2 6] f^^f^fi^MtSS^, 
«0flB«Wf^BSttl. 5 [nm] (J:>)fiL<(il 
[ nm] JUT. ) JiW*?4 U*. fcfc*.(f, vis 

yrLx$m*MHit±irLxb&i>(oim&L\i*. t 

±^ffi§ tfi 1 . 5 [ n m ] SrjBi. £ 1 3eK<OTffitt**»< 
fthfzlsb^ X^-^—MULtzim^z^r—yhmm.^ 

[00 27] S^fjHcDgfc/Mfa 0 (Wa ) #0 . 3 
[nm] JJIT («t9#*U<l40. 25 [nm]H 
To ) T*4ifc**#±Lv^ mRco^W&tfMK %h 

fztb. ^fxi-^-mniLfzm^izr-TtmwLomM 
m-tt £ t a < ztiwh & h . m 

/h 3 fa D £ i 0 ^ -y K«^_b&«>F3Sefcfc ^x5-^l 

*3-e^S> 4 *» ^ Tft h o Tisfc/h -5 fa 0 (4 , 
ft b jUfXfOJ: o £mS£t& o 

[ 0 0 2 8 ] fflL'b 0 fa 0 ( W a ) ItMt fcfiJCO <t 3 £81 
S&t* l> o ^^B^cMSSlK (Mi c 

roXAM, 7x-Xy7htl) £fflWC, KfiCO^ 

tt^Sftii/yxx i o , efPbIi^xx i.o, ^Psi7 ^ , 

— Zonal f ilter,A'>HyU7-(/|/ 
9— 3-16 0wm, Ii5 0 0x6 0 0wtUM 

mcnmmzwm Ltz t * co^^as »m fa d t -r 

[0029] SftWRfc LXl±C (ihSrfa 

t>%&i>CD*m^&c\t*W±L\ / \ &&<7)fc-fttLX 
B, C, O, A 1 , Si, Ti, V, Z r, Nb, M 
o, Ru, Rh, Ag, Hf , Ta, W, Re, Os, 

##4 U\ SftlffiKfc LTJ4N iB, N i Pi L< 
[iNi PZ (ZliCr, Mo, Si. Mn, W, Nb, 
T i , Z rfrt,%;&m& t)mi$tltz^-ftlfrin£J.±. : £ 

Hts. Z0>A**l22 5at%jaT. wm^tzkifi 
tftLW P«Mi(i20?40at%ti>S^'J: 



*) , ma^fttt (MMSNR, pw5o«?^^ 
*^>x*»asanis*t* t , ± oasts*tt«»v»aEScaE« 

\\ ltflRi2— 1 00 [nm] ?$> L\\ 2 
[ nm] *}i§T1±5E^S&^#^fa^^*^-C-25^o 
100 [nm] ZM£&b£&mmt>m<%:&fr 

[0030] § t>iz^ mmtnmmmmb(Dmmm± 
wttzmz . i$&j^mb\mmw&t<mizm3sm 7 

*SttTt>£^. ^ff««4C r , T i , WfrhWUflfz 
V ^fa*^ ^Slt^'IS, WI<0§lff (i 1 - 1 
00 [nm] ( J;0*fiL<(45~80 [nm] Tfo 
6. Zt>t,Zt8-£ L<J47 — 7 0 [nm]T"&6o ) Tft 

[0031] mfommmz&f&ztitzmzmmimmm 
mmzmmziitzhntfT-fxj-^-mizji&mMmrtj 

[00 32 ] im&TWgCDWmt LT«C r 4 fc!4C 
rT i , C rW, CrMo. CrV, CrS i 

tifz^-ftifrimz&tshcviimt imvtTwm 

COMmiZ 5 [ n m ] a±.Xfctll£ ± C ^^ffl±<J5gartt 
k 5 0 [ nm] JJlTaWS* tV\ ^HSttTtt! 

(Miff SNR<^m±SftS) ^?lf2$fa, ^^is* 

ssffafe i ^-rfa*^fflv -r s <r t a^c* 

-S>» El«JMSEH<Z)lfi±M:, C r*^^:£ tcSDt'fc^W 
&C0Xl$t L^o 

[0033] sMMttcos^Kstufctmk-rii 

t^'T'Sljo Miff, CoCrTal CoCrPtT 
a^, CoCrPtBTa^, CoCrPtBCu# 

■So Mi-if, CoCrPtBTaI«^, Cr^W 
MJ416 — 24at%, P ttO#*M548~ 1 6 a t 
%, Bt0##M{42 — 8at%, Ta^Milil~4 
at%i:tl»itA i tH 0 Mitf, CoC rPtBC 
u^tfO^, C rO#^rSiil 6 — 24 a t%, P t O 
-i-*i{48 — 1 6 a t%, Bc0-ttiii2-8at%, 
Cu«Mtlil-4at%ttS;t*'t'll, t Ktt 
B^H«41 5 [nm] I^±T*fa(4W^^tSi^ 
^RWSr^* 1 , flffi»»flE'Vtf>RRa»4>4 0 [nm]Jil 
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TX'fo&cofrMtLW 4 0 [nm] Zmt&b. ttft 

l i *nmmmim htv% v ^ t-& § . immi±. 
zmmmt lt t> jt< , -eofl*HiJjB«**»*»6i!tr 
^-nhj&»*ffli«^»»#*>* t -f s ; t #'t-# & . 
^mmmt LtzM^. ^ttTJiMoitxji. c 0 c r 

P tBTaMMCoC r P tBCuS*^^t« 
T'$> £ 0)**, HM^ffi^> S N R# tt<J9&#C9^ 

Jidff* Lv\ fLhJIli. c o c r p t b c u5R*»if,«r4 

[0034] #ttttTJfiJftf>C r 4 £JiC rl^Ojgil, 
ffiftfi (200) Ht«aBmHi:^*«3&*W4 U\ 

£<y}*§ B E B |&fSj75 s J: D5S< (110) £Srr<7)T\ ^SvB^J 

[0035] im&TmMbm/SEMbnmzim&tm 

s» ttaBSjttt ttwi tr s n Rcr>fa±$im>m?iti& . 
imvu^mmac o , c r £-§-t*i>?>k *s 

CoCr-^tLiti:iCr(?)Mili35-45 

a t t lw mt&rmmnwmi; o . 

5 — 3 [nm] T'SSWSNR^i^ffiLV\ H 
4 C^lMaMttfiaWi 8 * RM^fc^KflMtoB* L#? 

t «*SWtififc:tS \ ^X , BJRJK* 4 1 a t %ja_bZ>fil*fc 
*J ft £ C r iRgsS* 4 0 a t %VXF b & o T V ^ OiiWt 
U>. Cr b&bi>m\m%X'mf-t Crt 

ixi/zj: «aettii+<oiirti^)fiTti»<'; t a*-*?* * 

T"£>& 0 

[0036] ra**>iyirc>*m, m«r, 

s i c<7)Mb&Mi*tL$,&£j&ftk Lfztt® 

zmm-t h z. b ifix-% h . ffiaM«MJW± i~io [ n 
m ] x-fohmmmmmkmx®.m Lt^-sox^- 

[00 37] iRajRJitiieSWcjStWiHf^^— 7/1/* 
4 £fc 

[0038] 3fs5S^OSa^lE««ft:^«ft«*±, 1 ■ 0 
5V1± ( j:D*?4L<iil . l£Lh) "CfcsaESlWM* 
ffifi* ( OR = Rffl;#ffltf0H c/¥S#iej«0H c ) 

Lx^&cotmiUK i. o 5£i±x-fo&b £>om.m. 

NR S PW5 0<3fiJJ»Sj&*4»S>;fl£. 
[0039] *»BJ^mmia««#:{i. fSStcKff jCi^ 
7 5 0 0 Dfc/mm] ISLhTfc St-?*?-*— **^TL 

TMmmm&m t t h-%tsmmmMikx°#> 



ttWiKSNR, p w 5 o &ft±-f h <nx*mmmmz 
m,tzmmmmfab%h « 

[0040] T-^X-f-v-JPXfflcO*Sr^R* 
«LhtJgJ«-r * £ fc & < 2B*l4S«fciMg-r ? - 
MXSr }ft LT ^4 WTflUlfflcoffil SrfM* 5 iS^fH 

mmnmtmmx^mm^mzm^fzmmmmm: 

J) S o 

[004 1 ] *56BB<OWHS*«/hS < 4fc«/h 
t £ 0 TOSHWWfc^rtli $ ^> h en iztn x.X , 

ffiffl lt i>^~mm^nThi>mmmm^x'$> 

. m i t;^*«R!co?i^iesi«#; 2 o b . m 
o *meMmtt*m/&m»2 ib,m 
Mia««#;2 o \£mm*3stHm&r&mssi*s y h 2 2 

t , £ y H 2 2 ^K^iaSiM* 2 0 IcW LTffl 

«a»§-ti:-g.^'y FSEMaiI2 3 fc . IBiimii^a^ 
24i:*«iT^*. ieiiH^fI-f-MS^2 4(±, ^SE 

2 2 ccjSo /£ o . mss^v V22 ip$>ffm&sttim 

S. *^«JlMfS»S^SStffl^4^^-y F2 2 
LTPTfM^ffiffi^K ( AMR) ^ 
f'Jffl L/iMR (magnetores i stance) 

*Wi(tT-^<. g^iSMffiffi^* (GMR) *f(JfflL 
G M =&■ 4T 2r * Lfc i 0 ffifl E«® JKtcB Lfc^'y 

[0043] ±immmu±mmz£M$, $mizm 

m&tfil 5 0 0 [*/mm] KLhTfe^^^^^^-* 

# & ffl v v ^ aiais^s izm l tzmmmmi 
m.wb%h» 

[0 044] *%BJ<7)^ta«iB^B(i. 

[0045] *wmwmmn£m.m$. w 

X. x^-i/yfvxzm&Z-tt&tztblz^ y HSrffiS 
±tt«T'ffiffl LT x 9-»tt3&* AifCft 5 «Mf SitB 
4iggT'&4„ 

[0046] Jjcfc*ffti!H«»i*ffi<0-WtKBB^-4. 
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gU^'JyyaUf^tSRall. 5 [nm]Jil 

0 [GPa] (i«fiL<ii7 5-8 5 [GP 
a] . 3fet£ff4 L<127 5—80 [GPa] Jt 

tztfc&te. ^rtic**;h.41&JH&<W&KgHil 0- 
100 [nm] (X K)iT£L<l±l 0 — 7 0 [nm] . 
§^.tfJL<ttl 0 — 5 0 [nm] . ) 

tt^Jnxtteo^ feif * U 4 fc»ft«<oiHfoz>W* 

tiS«I(:i5V^30-5000 [ffl/jum*] («t"3 
#T4L<(i7 0—3000 [ ffl/ ju m 2 ] T § 
£fftL<lil0 0-200 0 [ffl//im 2 ] 

[0047] 4£ . flffitfOMT 3 0 (Wa)A>'0. 3 
[nm] J2TF ( «t D*f4L<«0. 25 [nm]ja 

SRatflO [nm] J2TF (-fcDiff±L<t±9. 5[n 
m] lilTo ) <^k<a£fflVi&<W#F4U\ 
[0048] «*jfc, sJhfeKM^Siffltclg^jK^T 5 
0 0 [*/mm] Iil±f*-g. c f7X^-v-«SrffM-r-g. 

ff , ^&RmZ)3ffi£|ftttftft<7 5 0 0 [*/mm] 

JPX { r^-^a^?*?-*— flHIj tto5. ) tc 

jtorajsfriwc-r s^sh 

JUlfcti^Sr'S. *RfDHIft{i:2 0 0 — 1 0 0 0 

rpmfctiifcm*. 5 u ~<^mkm± 1 

0 — 5 0m \ /fttthC\}i\jfiX'%h<, SFJg-r— TOM 
OaLKfi, 1- 5-15mm/*ttSiJ:!{|Stll). 

fix? y-tc***i.*flse«as(4D 9 0 ( urns* 

%^"9 OWM%^fflS^SB#^S@«) "CO .0 5- 
0. 3jumfc-f-4ifc3&*T*4. 7 s — r^tftft^tt 

1 — 15 [kgf] fc-fiits&t-C&ft. 5 
0 0 [*/mm] liLL ( J: 9*f 4 L< J2 1 5000 [* 
/mm]jy±. §^CffSL<!i200 00 [*/m 

m] ) coT?x^-m£mfm-&£ot,z. zti 

[0049] -r? Lfc£«<^ffi<W6 
ffl***, 0. 1 [nm] JJLhO. 7 [nm] JST ( ± 0 
#T4L<{±0. 1 [nm] ULLO. 5 [ nm] $ 
£>tC#?4L<iiO. 1 [nm]£LtO. 3 5 [nm]fil 

To ) £&£J:3tcjnxr&^w4U\ 



[0050] ^-/^—^By^-fiu^-T^x^^—ua 

y5yWfM6 0-l 2 0 OEI/^fc^&WjWffiL 

[00 5 1 ] f-^X^^-auX^TSt L/C14, K%K 
#■'7 5 0 0 [T/mm] l]lX^?X^-«£ffM-t 

T£fflv^Ti£. U-iF-to£ffl^fc:&ife£fflV**£ 

[00 52] x^X^-v-JUXf^^LT, <JCfc*<0* 
«0>±tc* 2-100 [nm] cOj«J¥£:*L£II|ftlI»S 

Mi. C r (T^^C 

C. O. A 1 , Si. T i . V. Zr, Nb. Mo. R 
u. Rh s Ag, Hf s Ta s W s Re. Os s Tri 1 

H4N iB. NiPtL<(±NiP 
Z (ZliCr, Mo. Si. Mn.W. Nb. Ti. Z 
r &»fcmfcVYffc.j&» l ttBLhi-fttr. Z cO-gr^rSJi 
2 5at%OT. ) t«H4:Lfct>«tffl^S(?5**»4 
U\ P<7)#**{42 0—4 0 a t L 

o-4—i 0-7 [Pa] fcfcii-eftSrt-*. ftyA-fl 

2-2. 0 [kW] tU JWl*ia4:ffi*a^-5-"«'7-t 

0-7 5m.t%:Z>Z.o <,z%L?cojj\ft$:m.fef&CDtf18-£ 

[00 53 ] «nH£»±H'£^M^^IQEKi:Sl4lffi 

?-y, y htlv^^^yy^rj: "5 1 — 10 0 
[nm] f5JW¥**LJtap|Wi*JgriW-4. XA' 7 ^ij 
y??— y>y bfiCr. Ti. WcO^feMii'^V^ 
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[0054] mfommmzmmL*:®. tosiiiw 
mmwmzmm-t&ztizj; vr-rxi-v-mttzx&M 
mm^&mmmmms. mh'sxio-* [Pa] a± 

fflOSSBWWf* * * fc JS»3 -frfc fc <?5 * ffl ^ S i fc t, f 
£4, ^^WS^flSii. 0. 5— 1 SSMHfc-rSOtfff 
Milf, lE[6lil®MSrffMf^-vWS>^]Ktii 

mmmmmm.<$tzmm%-&& <r 1 4 . 

ifr^a-r-s <r t # 4 ^th? * l v * . z^msitm 
ut. wmss&xtf lo- 6 [Pa] jartt^T 5 x i 

0-* [Pa] ia±^S!*#x£^tf#BM^4^aW 
[00 5 5] ElftFiBfflt^ifc, 5 — 50 [nm]C0l 

Ti, CrW, CrMo, CrV, C r S i OtfJj&^jg 

[00 56] OWttTflMI*J»SUfc». 1 5-4 0 
[ nm ] ««W**UfcSHt«*H«fca^tf5«fi*» 

«fc 9 m$L-t 4 „ xn v ? 'J 7 MiCo 

Crlal, CoCrPtTal, CoCrPtBTa 
^ s CoCrPtBCu m^^MUfltZ t vf ft.* 1 — S£ 
*tffc»*JBHfc US t>«0*JSW& 4. WJt 

(f , CoCrPtBT a^«9*&£\ C r O-^Mii 1 6 
-24at%, P t<7)^r*tt8~l 6 at%. B<?>£ 
titi2-8at%, Ta^0#**{i:l— 4 at%tf 
4 £ 2: #"C# 5. M-i(2\ CoCrPtBCu ^<7)J% 
-£\ CrOMilil6-2 4at%, PtCO^Mii 
8-16at%, B(7)Mi(±2-8at%, Cu<7)^- 

1 — 4 a t % k -th i 1 4»tS 4 o 
[00 57] <I<rT\ »ftTtfi)SI«C r ifcttC ri=r 
A(?«S*EHirt±fl65aEWKi&* (20 0) £^LTl^4 i 

[ 0 0 5 8 ] 4fc, «^E»«*^iKtt«<^)fiBtSvWS^r 

1. 0 5JJLL <i 0»4U<I41 ■ ia±)-C*ftia 

[00 59] «ttJB£#j£Lfc«L &*no3ri£, W*tf 

*> -fr £ ffl v # - tfy S 4ij&# fc 4 ft IffiK £ ffM 



[00 60] SS>te, fiaHILhtelififStiSt^t-^A' 

[00 6 1 ] *^t«r>TMfiLfc«SGEIMWWi. 
$m£&tf9&7 5 0 0 [afc/mm] tLtC^T^X 

mmm. fm&rttm&xfm&M t t 

[00 62 ] r-^-X-f -v-JPlffl^B^ffM-TS 
[0063] 

[HM^J] OT, MfttM^^L-C*l|HB«#fflSfta*Ba 

[oo64] mmm 1 

0. 6 3 5mm) »f^I§li;0. 3 

[nm] <9i,05SrfflHfc. ttAfb«f9^l6Km* 

[00 6 5 ] ^^ARS^i: LT^ B B B ^7X^fflV^T, 
atf%l§Ra^'5 [A] (Degital In 
strumenttlAFMtm ) 1 44 4:3^, 

- mix i m l tz . x 5 y - 4 ^x4 wm± d 9 0 * s 

0. S^mW^MT^yKlS&Srffl^^o -f>X^{i7 
0 0 r p mTHIte^-frJt. W^x-TOjMD Xh- Hii: 
3 . 0mm/»t L 6 0 0 tH/^T« . 
[00 66 ] i^Mt-MM!B»4J «tV9S8l LtzmzD 
C~?y^hn>xs>S'y?mM. (T*;Mmi3 0 1 0 ) 

0-7 [Pa] t^ht-c^mt. mmnzmmmmm2 

t LTN i P (PcO#*5p2 0 a t%) i>WS^/^ 

?vyy?—?-y hzm^zmz 3 0 [nm] ttx^ 

M5X10-' [Pa] ST«AtT. leitlWfid^ 
ffl^K*»H^l l&f B TOKL^„ 
[00 67] SJtf-v W«f«J*»«Lfc«, § 6t=KW 

ttTffiJ!3 t LTC r SrJKffl 0 [ nm] . 1M4 fc 
LTCoCrPtB (Cr«M*2 1at% % PtW 
•i-W^l 0 at%. B<?)Mf2at%) S:IKJ¥2 5 

[nm] fc44J;ofc. 
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-^x^./^'jy^CiOIIIS [nm] 
m ] coy 7 p^yx-fW^iS HfffJRfc r 
[0068] ifciRM 1 . 2 

[0 0 6 9] HS6M2BS6 

[0070] mtminmi 1 

tfivie. ^y^wt"?r*itc^-rffl^ML 

[007 1 ] HffiM 12,13 

[0072] mmm 1 4 

ffi[BlPfflK2rC r 3 0 N b ( NbMii J 3 Oat 

[0073] ±fHKUfc#!L Jtl^^ffifcta8«Eflstf>lHNB 
M#tt*«K)^?SM#ttiiJSKS ( v s M ) tfflnTS 



OHc ) / (¥ffifrl*K9Hc ) hLfCo 4fc, ^'5^1 
(Degital Instrument^) » 

[0074] ^n^atsssiiffifK^vaseams 

Sr. GUZ I Kttl>J-H7^( 17t5^fRWA 1 6 

3 2. fciy'xtyx^y^s l 7 o l MP£fflvvcai 

H^sstg^MKfii: (gmr) x^sr^nr &&£§m 
mmmm^v n*fflv\ K«*f+^*«K«^f£3 5 0 

kFCIt LTSSgLJt. JJKOISW*JJ:tXa3ttW<?5« 

MiH^ft;offims^s^rttf^ (or), »»5H9tt, 

«K£3ftf#tti: LTE£B±iSTO¥fflB ( PW5 0 ) 
[0075] 

cm] 







[%] 


[GPa] 


[nm] 


[nm] 


■Hymn* 

Ra[nm] 


Ratnm] 


OR 


MM1 


24500 


12 


79 


50 


0. 22 


9. 8 


9. 9 


1. 25 


S1M2 


15300 


10 


83 


60 


0. 24 


9. 6 


9. 6 


1 20 


SSffi«3 


1 2800 


8 


82 


70 


0. 21 


7. 2 


8. 4 


1, 10 




12100 


12 


86 


75 . 


0. 24 


7. 8 


7-5 


1. 11 




8400 


8 


83 


83 


0. 27 


7. 8 


8 1 


1. 09 




7500 


7 


90 


81 


O. 22 


8. 8 


9. 1 


1. OS 




3300 


22 


95 


1 00 


0, 24 


9 


8. 7 


1. GO 


ttRBI2 


1800 


20 


100 


150 


0. 22 


30 


29 


1. 00 


Xft{R7 


24600 


1.5 


75 




0. 26 


IO 


9. 7 


1. 24 




16500 


9 


82 




0. 25 


| 8. 5 


8. 2 


1.19 




16300 


15 


83 




0. 27 


8. 2 


7 9 


1. 11 




1 0400 


7 


86 




0. 25 


9. 2 


IO 1 


1. 09 


MM 11 


9200 


8 


88 




O. 28 


7. 8 


7. 5 


1. OQ 


nmm2 


24500 


13 


80 


45 


0. 44 


9. 5 


9, 8 


1. 23 


*Sft#113 


24200 


15 


80 


49 


0. 23 


30 


29 


1. 24 


HJStffl4 


24500 


12 


79 


50 


0. 22 


9. 8 


9. 9 


1. 28 



[0076] 



[«2] 
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[Oe] 


PW50 
[na] 


5NR 

[cfB] 


Vj-lr-h axpOOOXjl 






3600 


.11. 0 


24. 6 


-7, 6 


O 




3500 


11. 2 


24. 1 


-7. 2 


o 




3450 


11.4 


23, 6 


-71 


oo 




3420 


11, 6 


23. 8 


-6. 2 


oo 




3390 


■11.7 


23. 7 


-6, O 


oo 




33O0 


12. 2 


23. 5 


-5. 8 


oo 


h*hmi 


3100 


13. 4 


21. 1 


—4. 4 


oo 




2900 


13, 3 


21. 4 


>— 3. 0 


A 


3Ut«7 


3610 


10. 9 . 


24. 6 


-7. 5 


AA 


mrnms 


3520 


11.. 2 


23. 9 


-7. 3 


oo 




3490 


11. 3 


23. 7 


-7. 0 


oo 


3M«io 


3490 


11/4 


23. 6 


-6. 1 


AA 


nun 


3350 


11. 8 


23. 6 


-5, £ 


oo 


strand 


3600 


11. 0 


24. 6 


-5. O 


o 


MMial 


3610 


11, 1 


24. 4 


-7- 7 


A 




3570 


11. O 


24 3 


-7 6 


o 



OO 

O 

A 

AA 



[0077] 

&7 5 0 0 [*/mm] J^"C* 4 
ttTJMiaWaittJii: *il«5r < t k#frSmia«9«#:T* 
ilfSNR, PW50 #|*l_tf * eOTftf EUffiK 

tea l fcumiai*^* t^s, 

[0078] j-?x**—imxm0>M&j&f&t& 

[0079] #»JI!0>MJft*8a=J:*Uf , XVit=tttt!£ 
*»"7 5 00 [sfs/mm] VLkX'fo&r-f X^v-mZH 

w&twc* mmmmmnmmtit^i.L. mm 

[0 0 80] ifc, x?^^-flDIffl<7)JI£7FM-ri> 
[0B»f£*5ri&BJI] 

[HI ] *^co^lE«ffi*«-^J*^1BfEB0T* 



1 o[«/Bi]*3S 

51~75tffi]/®] 



[02] *%B^Sfli,iai*^*«^^««« COSMOS 

-v v y 7 ~m<n—mk^tmx'h s . 

[03] ^B^aMIBi«*«-M&^-rilTH0T-fc 

4. 

[04 ] *«W^^E«aE«K0^*^BnifB^* 

So 

[as ] m i ^-rn^iaum^ffl^^iimiaifts^ 



i 

2 
3 
4 
5 
7 
8 

1 0 
1 1 

1 2 
1 3 

1 4 

2 0 
2 1 
2 2 
2 3 
24 



wm<r>^*r>7 7-m 



am 

^•y vmmm 
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F^— 5D006 BB02 CA01 CA05 CA06 CB06 
CB07 

5D112 AA02 AA03 AA05 BA03 BA09 
BB05 BD04 FA04 GA05 GA09 



